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s u m m a r y

Background: Inadequate nutritional intake and altered response of aging muscles to anabolic stimuli
from nutrients contribute to the development of sarcopenia. Nutritional interventions show inconsistent
results in sarcopenic older adults, which might be influenced by their basal nutritional status.
Objective: To test if baseline serum 25-hydroxyvitamin D (25(OH)D) concentrations and dietary protein
intake influenced changes in muscle mass and function in older adults who received nutritional
intervention.
Methods and design: Post-hoc analysis was performed in the PROVIDE study that was a randomized
controlled, double blind trial among 380 sarcopenic older adults. This study showed that those who
received a vitamin D and leucine-enriched whey protein medical nutrition drink for 13 weeks gained
more appendicular muscle mass (aMM), and improved lower-extremity function as assessed by the chair
stand test compared with controls. To define low and high groups, a baseline serum concentration of
50 nmol/L 25(OH)D and baseline dietary protein intake of 1.0 g/kg/d were used as cut offs.
Results: At baseline, participants with lower 25(OH)D concentrations showed lower muscle mass,
strength and function compared with participants with a high 25(OH)D, while the group with lower
protein intake (g/kg/day) had more muscle mass at baseline compared with the participants with higher
protein intake. Participants with higher baseline 25(OH)D concentrations and dietary protein intake had,
independent of other determinants, greater gain in appendicular muscle mass, skeletal muscle index
(aMM/h2), and relative appendicular muscle mass (aMM/body weight � 100%) in response to the

Abbreviations: 25(OH)D, Serum 25-hydroxyvitamin D; aMM, Appendicular Muscle Mass; BW, Body weight; GDS, Geriatric Depression Scale; MNA-SF, Mini Nutritional
Assessment-Short Form (MNA-SF®); MMSE, Mini Mental State Examination; PASE, Physical Activity Scale for the Elderly; SMI, Skeletal Muscle Mass Index (appendicular
muscle mass /height2); SPPB, Short Physical Performance Battery Q3.
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nutritional intervention. There was no effect modification of baseline 25(OH)D status or protein intake on
change in chair-stand test.
Conclusions: Sufficient baseline levels of 25(OH)D and protein intake may be required to increase muscle
mass as a result of intervention with a vitamin D and protein supplement in sarcopenic older adults. This
suggests that current cut-offs in the recommendations for vitamin D and protein intake could be
considered the “minimum” for adults with sarcopenia to respond adequately to nutrition strategies
aimed at attenuating muscle loss.
© 2017 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Q4 Sarcopenia, the geriatric syndrome characterized by low
muscle mass, strength, and function, will become increasingly
prevalent as the global population ages. This syndrome places
considerable stress on health care systems since it is implicated
with impaired outcomes in chronic disease [1], as well as higher
rates of hospitalization and nursing home admissions [2]. Inad-
equate nutritional intake and altered response of aging muscles
to anabolic stimuli from meals contribute to the multifactorial
pathogenesis of sarcopenia. In particular, inadequate intake of
high quality protein including essential amino acids such as
leucine and low 25-hydroxyvitamin D (25(OH)D) serum levels in
older adults are potentially modifiable risk factors for sarcopenia
[3e5].

Recent long-term nutrition intervention studies aimed at
improving muscle mass, strength and function, however, have
shown inconsistent results in sarcopenic and frail older adults [6,7].
The composition of the nutritional supplements, the amount and
source of protein and amino acids, fat, carbohydrates and micro-
nutrients such as vitamin D varied among the interventions.
Moreover, variations in the health condition of the study pop-
ulations, presence of multimorbidity, physical activity level, and
nutritional status may have influenced the outcomes.

As a result of these heterogeneous findings, we hypothesized
that baseline nutritional status could influence the efficacy of
vitamin D and protein interventions. To test this hypothesis, we
used the data from the PROVIDE study, in which sarcopenic older
adults were randomized to either a vitamin D and leucine-enriched
whey protein supplement or isocaloric control [8].

2. Materials and methods

2.1. Study design and participants

The PROVIDE study was a 13-week, multi-center, randomized,
controlled, double blind, two parallel-group study among older
adults with sarcopenia. Detailed information of the trial (registered
under the Dutch trials register with the identifier NTR2329) has
been published previously [8]. In brief, community-dwelling adults
over 65 years were recruited from 18 study centers in Europe, and
were eligible when presenting mild to moderate limitations in
physical function (Short Physical Performance Battery (SPPB) score
4e9), and low skeletal muscle mass (�37% (men) and �28%
(women)) using bioelectric impedance analysis (BIA 101 Akern,
Florence, Italy). Those who received the vitamin D and leucine-
enriched whey protein medical nutrition drink gained more
appendicular muscle mass (aMM), and improved lower-extremity
function as assessed by the chair stand test, compared with con-
trols (8).

Participants were randomized to receive either the interven-
tion or an iso-caloric control product twice daily. The interven-
tion product contained per serving 20 g whey protein, 3 g total

leucine, 9 g carbohydrates, 3 g fat, 800 IU vitamin D and a
mixture of vitamins, minerals and fibers, and the iso-caloric
control drink contained only carbohydrates, fat and some trace
elements.

Blinded and trained research staff collected information about
the baseline characteristics via a questionnaire and assessed the
outcomes during the study visits week 7 and 13. Self-reported
amount of physical activity was assessed using the European
version of the Physical Activity Scale for the Elderly (PASE). Health-
related quality of life was determined using the EQ-5D, both as an
index (0e1) and as a visual analogue scale (0e100). Cognitive
function was measured using the Mini Mental State Examination
(MMSE, 0e30) and cognitive impairment; i.e., MMSE <25 was an
exclusion criterion. The Geriatric Depression Scale (GDS, 0e15
points) was used to assess potential depression symptoms. Finally,
the Mini Nutritional Assessment-Short Form (MNA-SF®) was used
to evaluate participants' nutritional status. The total score of the six
questions (0e14 points) indicated whether the participant was
well-nourished (12e14 points), at risk for malnutrition (8e11
points) or malnourished (0e7 points).

2.2. Muscle related outcomes

Appendicular muscle mass (aMM) was measured at baseline
and week 13 using Dual energy x-ray absorptiometry (DXA,
different models from Hologic, Bedford, USA; and Lunar, Fairfield,
USA). Raw DXA data were centrally analyzed at the Vrije Uni-
versiteit Brussel, Brussels, Belgium, using a standardized protocol
by the same researcher. Analyses were performedwith andwithout
correction for height2 (skeletal muscle mass index, SMI: aMM/h2)
[9] or body weight (relative appendicular muscle mass: aMM/
BW � 100%) [10].

The chair stand test measures the time required to rise five
times from a chair without arm rests. It is one of the three com-
ponents of the SPPB, along with gait speed and balance tests [2].
Maximum handgrip strength was calculated by taking the average
of the highest measurement of two consecutive measures in each
hand by using a hydraulic hand dynamometer (Jamar™, Preston,
Jackson, Missouri, USA).

2.3. Serum 25-hydroxyvitamin D analysis

Analysis of serum 25(OH)D was performed at Reinier de Graaf
Groep medical laboratory, Delft, the Netherlands using chem-
iluminescense micro-particulate immunoassay (Abbott Labora-
tories, Wiesbaden, Germany). The recovery of endogenous 25(OH)
D both D3 and D2 species were 105% and 85%, respectively
compared with a chromatography-based reference method. Serum
25(OH)D concentration was used as a dichotomous variable for
most analyses with a cut-off of 50 nmol/L, which was similar to
generally accepted threshold of serum 25(OH)D deficiency in older
adults [11e13].
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